SUMMARY Forty patients with duodenal ulcer were randomly allocated to treatment with either tripotassium dicitrato bismuthate tablets or cimetidine for six weeks. Endoscopically confirmed healing of the ulcer occurred in 80% treated with tripotassium dicitrato bismuthate tablets and in 85% treated with cimetidine. Symptomatic improvement was also similar in the two groups. Treatment with cimetidine was associated with an increase in pH of gastric aspirate during treatment and increased numbers of bacteria were isolated from the gastric aspirate during treatment, while the pH and bacterial flora of gastric aspirate did not change during tripotassium dicitrato bismuthate treatment. Serum and urinary bismuth levels rose during treatment with tripotassium dicitrato bismuthate and urinary excretion remained raised two weeks after cessation of treatment. Tripotassium dicitrato bismuthate tablets appear to be as effective as cimetidine in the treatment of duodenal ulcer without the potentially undesirable effects of a reduction in gastric acid secretion.
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Cimetidine has become accepted as a safe and effective form of therapy for duodenal ulcer, the majority of ulcers healing with treatment.' There has been considerable controversy concerning the long term effects of a reduction in gastric acid secretion, particularly after showing an increase in numbers of bacteria present in the fasting stomach during treatment with cimetidine.2 It has been suggested that the production of nitrosamines within the hypochlorhydric stomach may be facilitated by the presence of bacteria and nitrite, which in turn may be produced by organisms capable of reducing dietary nitrates, and this mechanism may be implicated in the pathogenesis of gastric carcinoma.3
While the relevance of these findings is uncertain,45 the healing of duodenal ulcer without suppressing gastric acid output might have theoretical advantages.
Denol (tripotassium dicitrato bismuthate, TDB) is also an effective treatment for duodenal ulcer, but its clinical use has been limited, partly because of the inconvenience of the liquid preparation, which has an unpleasant taste and smell, and partly because of concern over the possible absorption of bismuth. The development of a tablet preparation of TDB has increased the acceptability of this compound to the patient without reducing the clinical effectiveness,6 which is similar to that of cimetidine,7 and neurotoxicity, or an increase in serum bismuth levels to within the range associated with toxicity, were not seen in patients taking either solid or liquid preparations. 6 We have compared the effectiveness of TDB tablets with that of cimetidine in the treatment of duodenal ulcer, in an endoscopically controlled clinical trial. We have also investigated the effects of each treatment on the pH of gastric juice and on the composition of the gastric bacterial flora.
Methods
Forty patients with endoscopically proven duodenal ulcer were randomly allocated, in blocks of 10 to ensure equality, to treatment with either TDB tablets (1 qds) or cimetidine (200 mg tds and 400 mg nocte) for six weeks. Treatment started within two weeks of diagnosis. A detailed symptomatic questionnaire was completed and all patients were asked to keep a daily record of symptoms on a diary card provided.
All patients who had taken TDB, carbenoxolone, or H2-receptor antagonists in the three months before diagnosis, or in whom previous treatment were excluded, as were patients who had previously undergone gastric surgery, who were pregnant, or had other serious illness -for example, renal or hepatic failure.
During the final week of treatment a clinical and endoscopic assessment was repeated, by clinicians who were not aware of the treatment group to which patients were assigned. All patients were asked to take their usual morning treatment before their second endoscopy.
Gastric juice was aspirated via the endoscope, as previously described,2 at endoscopy both before and during treatment. A quantity of the aspirated juice (0.5 ml) was immediately diluted in 4.5 ml prereduced anaerobically sterilised glycerol broth, frozen on dry ice and subsequently subjected to detailed quantitative culture both aerobically and anaerobically, using an anaerobic cabinet (Raven, Forma Scientific Co Ltd) and previously described techniques.8 All colonial forms were identified and screened for nitrate reductase activity using the method of Cowan and Steel.9 The pH of the remaining aspirate was measured with a combined glass electrode (Phillips).
Blood and urine were collected from each patient before and during treatment, and blood and urine bismuth levels, renal and liver function tests, blood sugar, and serum uric acid were measured.
Results
Twenty patients were treated with cimetidine and 20 with TDB tablets. Groups were comparable with respect to age, sex, duration of current symptoms, and total length of history (Table) . The degree of symptomatic relief claimed by the patient, and the duration of treatment before relief of symptoms were also similar in the two groups.
Healing of duodenal ulcers, confirmed endoscopically, occurred in 16 (80%) treated with TDB tablets and 17 (85%) treated with cimetidine. Ninety five per cent confidence intervals for the healing rate on TDB are 58-93% and for cimetidine are 64-96%.10 Using normal approximation to the binomial distribution, an approximate 95% confidence interval for the true difference between the efficacy of the two treatments in healing duodenal ulcers lies between 19% in favour of TDB and 29% in favour of cimetidine.10 There were no major side effects in either group, but staining of the mouth was noticed by 11 taking TDB and none taking cimetidine. The staining was lessened by brushing the teeth in all cases. Minor side effects of treatment were complained of by six patients taking TDB (diarrhoea, headache (two), anorexia, sore throat, and dizziness) and five taking cimetidine (weight loss, nausea, tiredness, dry mouth, headache). Sufficient gastric juice to measure pH was aspirated at endoscopy both before and during treatment in 18 patients in either group. The mean pH increased from 1.8 (SD 0.6) to 2.9 (SD 1.8) during treatment with cimetidine (p<0.05; Wilcoxon's signed rank test), the pH increasing in 13 of the 18 patients. Mean pH was 1X8 (SD 0.5) before TDB treatment, falling to 1.7 (SD 0.4) during treatment, the pH increasing in only six patients (p>O. 1). This difference between groups is statistically significant (p<005; Fisher's test) (Fig. 1) .
There was also a significant increase in the total count of bacteria isolated from the gastric aspirate during cimetidine treatment (p<0.01), while there was no such change during treatment with TDB tablets (Fig. 2) . While an increase in bacterial count tended to be associated with increased pH, there were occasions when a more abundant bacterial flora was isolated during treatment despite little change in gastric pH at endoscopy. There was, however, no instance of an increase in pH in excess of one unit not being accompanied by an increase in numbers of bacteria isolated (Fig. 1) . All organisms isolated from the stomach were probably derived from saliva and there were no 'faecal' organisms recovered; organisms tentatively identified as enterococci were found on detailed examination not to belong to Streptococcus faecalis or faecium groups. Obligate anaerobes could be isolated from the pretreatment gastric aspirate of four patients (of There was a substantial increase in urinary bismuth levels in all patients treated with TDB, the pretreatment median level of 5 (range 1-24) ,ug/l rising to 240 (30-710) ,ug/l (p<0*005). Urinary bismuth excretion remained raised -at 47 (24-250) ,ug/l (p<005) two weeks after completing treatment. Serum bismuth levels rose slightly in six patients during the course of cimetidine treatment, but median values during treatment (4 (1-30) ug/l) were the same as those before (4 (1-9) ,ug/l) and after completing treatment (4 (1-8) ,ug/l). There was no significant change in urinary bismuth excretion in this group.
There was also no change in any of the other variables measured in either treatment group more cases than cimetidine, as shown by the calculation of confidence levels, and they support previous conclusions that TDB tablets and cimetidine may be equally effective in the treatment of duodenal ulcer.7 Both TDB and cimetidine have a low incidence of major side effects when used in short courses. It has been suggested that recurrence of duodenal ulcer may be less frequent after treatment with TDB than with cimetidine,12 yet any such long term advantage remains to be established by continued observation of comparable groups of patients treated with either agent. While the use of bismuth containing compounds may be associated with neurotoxicity this complication has never been reported in a patient taking TDB alone, and occurs when serum bismuth levels exceed 100 ,g/l, 13 a level not encountered in this study. Persisting rise of urinary bismuth excretion after treatment suggests that there may be some tissue accumulation of bismuth, but tissue levels have not been estimated. The half life of bismuth in blood and urine after ingestion of unspecified bismuth containing compounds has been found to be similar and elimination curves of bismuth in blood and urine follow similar kinetics.13
Staining of the mouth is a reversible effect of TDB, seen more frequently with tablets than liquid, 6 probably as a result of chewing the tablets.
The principal concern over the long term use of cimetidine results from its effects on the gastric acid output. The pH within the stomach is the major determinant of the gastric bacterial flora'4 and we can confirm that a significant increase in numbers of total bacteria and nitrate reducing organisms within the stomach can occur within a few hours of taking cimetidine when fasting.2 Although the possible metabolic consequences of such changes in the gastric bacterial flora include the production of mutagenic nitroso compounds,3 the true significance of this finding remains uncertain, particularly as such marked changes in gastric pH and bacterial flora have not been found to result from cimetidine treatment of subject during normal activity.4 5 The ability to heal duodenal ulcer, however, without manipulating gastric pH may prove a useful therapeutic alternative.
The results of this study suggest that TDB tablets might offer such an alternative to H2-receptor antagonists in the medical management of duodenal ulcer.
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